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We present the result of an ab initio search for new Dirac materials among inverse perovskites.
Our investigation is focused on the less studied class of lanthanide antiperovskites containing heavy
f -electron elements in the cation position. Some of the studied compounds have not yet been
synthesized experimentally. Our computational approach is based on density functional theory
calculations which account for spin-orbit interaction and strong correlations of the f -electron atoms.
We find several promising candidates among lanthanide antiperovskites which host bulk Dirac states
close to the Fermi level. Specifically, our calculations reveal massive three-dimensional Dirac states
in materials of the class A3BO, where A=Sm, Eu, Gd, Yb and B=Sn, Pb. In materials with finite
magnetic moment, such as Eu3BO (B=Sn, Pb), the degeneracy of the Dirac nodes is lifted, leading
to appearance of Weyl nodes.
I. INTRODUCTION
Dirac materials (DMs) is a growing class of materi-
als which exhibit a linear, Dirac-like spectrum of quasi-
particle excitations [1]. Examples of DMs that have at-
tracted particular attention in the past decade include
graphene [2], three-dimensional (3D) topological in-
sulators (TIs) [3, 4], topological crystalline insulators
(TCIs) [5], and the newly discovered three-dimensional
DMs such as Dirac [6, 7] and Weyl semimetals [8–10].
Over the past several years, it has been suggested that a
new subclass of DMs can be found in cubic antiperovskite
materials [11–15]
Antiperovskites, or inverse perovskites, are inorganic
compounds with a perovskite type structure in which the
positions of cations and anions are interchanged. The
typical structure is A3BX, where A is an electropositive
cation, B is a divalent metallic anion and X is a mono-
valent anion i.e. the position of A and X are reversed
compared to ordinary perovskites. Antiperovskites have
a great potential for electronic, magnetic and thermo-
electric applications [16].
Regarding the search for DMs, much focus has been
on antiperovskite oxides with a simple cubic structure,
A3BO, where A is an alkaline earth metal such as Ca, Ba,
or Sr. The prototypical example is Ca3PbO which was
proposed as a potential DM in a number of studies [12–
15]. Recently, superconductivity has been reported in a
similar compound, the antipervoskite Dirac-metal oxide
Sr3SnO with hole doping [17]. There has been an increas-
ing interest in other antiperovskite materials. A group of
nitride antiperovskites with a common structure A3BiN,
where A=Ca, Ba, Sr has been predicted to be 3D TIs
when subject to properly designed uniaxial strain [12].
A recent density functional theory (DFT) based study
of a larger class of alkaline earth pnictides A3BX, where
A=Ca, Ba, Sr and B, X=N, P, As, Sb, Bi found several
materials that can be driven into topological phases by
properly engineered strain [18]. A promising candidate is
Ca3BiP which is a topological semimetal without strain
but can be driven into a 3D TI or a Dirac semimetal
phase.
The nature of the Dirac states in antiperovskite materi-
als predicted so far has been studied from different view-
points. Initially, the data mining search based on elec-
tronic structure calculations performed in Ref. [11] identi-
fied Ca3PbO (and similar compounds, A3BO, A=Ca, Ba,
Sr and B=Sn, Pb) as a possible 3D TI. More specifically,
it was suggested to be a strong 3D TI based on apparent
band inversion at the Γ point. The band inversion was
confirmed in other studies [12, 14, 19]. However, despite
the band inversion, the product of parities of the bands at
time-reversal invariant momenta remains the same with
or without spin orbit coupling (SOC). Therefore, based
on the parity criterion [20], strain free Ca3PbO is a trivial
insulator. Properly engineered uniaxial strain can change
the ordering of the inverted bands, turning the material
into a 3D TI, similarly to Ca3BiN [12]. In the absence
of strain, the Ca3PbO family was predicted to be TCI
with unusual surface states with open Fermi surface sim-
ilar to Weyl semimetals [14, 15]. At the same time, it
was suggested that Ca3PbO is a massive 3D DM, with
Dirac nodes occurring in the 3D Brillouin away from any
high-symmetry point [13, 19, 21–23] .
In fact, the topological gap at Γ and the 3D Dirac
states away from Γ may coexist in these materials. Based
on topological band theory, Hsieh et al. [14] showed that
the band inversion at the Γ point, responsible for the TCI
phase in Ca3PbO, leads to the appearance of a gapped
node (avoided crossing) along the Γ-X direction of the
3D Brillouin zone. This feature was studied in detail
by Kariyado and Ogata [13, 19] using a combination of
ab initio and tight-binding methods. In particular, it
was shown that these states can be described as massive
Dirac fermions. Photoemission experiments are required
to verify these theoretical predictions.
2More recent theoretical work has predicted the ex-
istence of Dirac nodal lines in materials with weak
SOC, which can be realized in some antiperovskite com-
pounds [24, 25]. Specifically, Yu et al. [24] found that in
the absence of SOC, Cu2PdN is a nodal-line semimetal
with three nodal circles due to cubic symmetry. Nodal
lines originate from the band inversion at the R point of
the 3D Brillouin zone and are protected by time reversal
and inversion symmetries [26]. Inclusion of SOC drives
the system into a Dirac semimetal phase with three pairs
of Dirac nodes. Similar conclusions were found by Kim
et al. [25] for a more general case of Cu2N doped with
non-magnetic transition metal atoms, i.e. in Cu3XxN
(antiperovskite structure) with X=Ni, Cu, Zn, Pd, Ag,
Cd. In particular, two maximally-doped cases, Cu3PdN
and Cu3ZnN were studied with effective Hamiltonian and
ab initio methods, demonstrating bulk Dirac nodal lines
and nearly-flat surface states.
We note that the existence of nodal lines is not a uni-
versal property of anitiperovskites. Since it requires van-
ishing or weak spin-orbit interaction, it is not realized in
compounds containing elements with very large atomic
numbers. On the other hand, band inversion at time re-
versal invariant momenta and the occurrence of nodes
along adjacent symmetry lines is a common feature. Un-
like in 3D TIs, the band inversion in antiperovskites is
not due to SOC but can be induced by changing the lat-
tice constant or the chemical elements. The details of the
electronic structure, such as the character of the inverted
bands and the position of the Dirac nodes are material
specific.
In this work we focus on the scarcely studied group of
lanthanide antiperovskite oxides, A3BO, where A=Sm,
Eu, Gd, Yb and B=Sn, Pb. Among published work,
Yb3SnO and Yb3PbO were predicted to be 3D TIs [11].
In a recent work based on a large-scale ab intio search
for topological materials, Yb3PbO has been identified as
a possible TCI. [27] Based on electronic structure calcu-
lations, we find that this group of compounds is charac-
terized by massive Dirac nodes in the 3D Brillouin zone.
The most interesting candidates are Eu3SnO, Eu3PbO,
Yb3SnO and Yb3PbO which have Dirac states near the
Fermi level. Among these materials, Yb3PbO is the most
promising for further studies and applications since the
Dirac states are isolated from other bands. The origin of
the 3D Dirac states is similar to the case of Ca3PbO. Our
DFT calculations show that most of the considered lan-
thanide antiperovskites possess a finite magnetic moment
due to unpaired f -electrons in their outer shells (Yb3BO
is an exception due to the filled f -shell of Yb). This of-
fers intriguing possibilities of combining magnetism and
Dirac fermion physics in pristine materials without dop-
ing or proximity effects. Furthermore, in magnetic lan-
thanide antiperovskites, e.g. Eu3BO (B=Sn, Pb), based
on the number of the nodes and the band degenercy, we
identify the nodes in the 3D Brillouin zone as massive
Weyl nodes.
The paper is organized as follows. In Sec. II we provide
computational details. Section III reports the outcome of
our ab initio search for DMs among lanthanide antiper-
ovskites. Namely, we summarize the results of electronic
structure calculations for the materials of this class in the
bulk phase. Several candidates displaying Dirac/Weyl
states are identified. The electronic structure of the most
promising candidates with isolated cones near the Fermi
level are discussed in more detail. We also analyze the
character and the possible origin of the Dirac states us-
ing a specific example of Yb3PbO. Finally, we draw some
conclusions in Sec. IV.
II. METHODS
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FIG. 1. (a) The cubic antiperovskite structure of Yb3PbO.
(b) R-Γ-X-M-Γ path in the Brillouin zone used for banstruc-
ture calculations.
We performed DFT calculations using the full-
potential all-electron linearized augmented plane-waves
method as implemented in the Wien2k ab initio pack-
age [28]. The Perdew-Burke-Ernzerhof generalized gra-
dient approximation (PBE-GGA) [29] is used for the ex-
change correlation functional. For lanthanide antiper-
ovskites, the GGA+U method was used to account for
local correlations at the cation site. The Hubbard U pa-
rameter in the GGA+U approach effectively describes
the on-site repulsion associated with the narrow 3d or
4f bands. We used the following arguments to choose
a suitable value of U for our calculations of lanthanide
antiperovskites.
In a standard GGA calculation with U=0, the 4f band
appears right at the Fermi level. A finite U pushes the
band away from the Fermi level into the valence band.
Since the experimental data for 4f valence states is not
available, it is sufficient to chose the value of U such as
(i) the 4f band is pushed down into the valence band,
(ii) varying U in a reasonable range does not affect the
electonic states at the Fermi level, in particular the Dirac
nodes. We perfomed test calculations for one of the com-
punds (Yb3PbO) with U ranging from 3eV to 12eV. We
verified that changing U does not affect the nodes, while
it shifts the narrow 4f states to lower energy. The over-
all bandstructure around the Fermi level also does not
change appreciably. Furthermore, comparing total ener-
gies of the system calculated with different U, we found
that U=10 eV corresponds to a local minimum of the
3total energy. We also noted that for U=8 and 9 eV, the
arrangement of bands in the vicinity of the Γ point is
slightly different comapared to other cases. For all other
values of U, the bands in the energy window [-2 eV,2 eV]
are essentially identical. Hence, we choose U=10 eV,
which is within the commonly accepted range for rare
earths [30] and, in particular, lanthanides. [31–33].
We used 126 non-equivalent k-points in a 10× 10× 10
mesh of the first Brillouin zone for self-consistent calcu-
lations. SOC is included in all calculations as it can not
be ignored in heavy-element compounds. Geometry op-
timization was performed to find the equilibrium lattice
constant, which is particularly important for compounds
for which no experimental structural data is available
(Sm3SnO, Sm3PbO, Gd3SnO, Gd3PbO). The Brillouin
zone path used for banstructure calculations is shown in
Fig. 1(b).
The results of structural (volume) optimization to-
gether with experimental (estimated or observed) lattice
constants for lanthanide antiperovskites are presented in
Table I. For compounds that have been synthesized and
for which structural data can be found in the literature
(Eu3SnO, Eu3PbO, Yb3SnO, Yb3PbO), the DFT opti-
mized lattice constants are close to experimental values.
We use experimental lattice parameters [34, 35] for the
existing lanthanide antiperovskites, as well for the test
data set of alkali antiperovskites [35, 36].
TABLE I. Experimental and DFT optimized lattice constant
for lanthanide antiperovskite oxides: A3BO, A=Sm, Eu, Gd,
Yb, and B=Sn, Pb; space group Pm¯3m. E(O) refers to es-
timated (observed) structural data. References are given for
the experimental lattice constants.
System Experiment, a (A˚) DFT, a (A˚)
Sm3SnO 5.111 (E) 4.984
Sm3PbO 5.124 (E) 5.015
Eu3SmO 5.077 (O) [35] 5.018
Eu3PbO 5.091 (O) [35] 5.051
Gd3SnO 5.043 (E) 4.851
Ga3PbO 5.058 (E) 4.887
Yb3SnO 4.837 (O) [34] 4.804
Yb3PbO 4.859 (O) [34] 4.842
III. RESULTS AND DISCUSSION
We use the well studied Ca3PbO group of antiper-
ovskite oxides containing alkali metals as a test set for
our ab initio search. The results are summarized in
Table II [see also the electronic structure for Ca3PbO
in Fig. 4(a,b)]. The table includes information on the
presence (+) or absence (-) of Dirac nodes according to
our DFT electronic structure calculations, as well as the
availability of structural data (synthesis), and references
to previous theoretical work with a brief note on the pre-
dicted character of the Dirac states.
Our results for the Ca3PbO family are in agreement
with Kariyado and Ogata [13]. Namely, we find gapped
nodes formed by linearly dispersing bands along the Γ-X
direction in all compounds of this group. The nodes are
located at the Fermi level. In Ba3SnO and Ba3PbO, there
are other states crossing the Fermi level thus obscuring
the Dirac states. The results also largely agree with Hsieh
et al. [14], with the possible exception of Ca3SnO.
TABLE II. Possible Dirac materials (DMs) in antiperovskite
oxides with alkali metals: A3BO, A=Ca, Ba, Sr, B=Sn, Pb;
space group Pm¯3m.
System DM Synthesis Theory
Ba3PbO + [34–36]
[11](3DTI), [12](3DTI+strain),
[13](3DDM), [14](TCI)
Ba3SnO - [34–36] [11–14]
Ca3PbO + [34–36]
[11](3DTI), [12](3DTI+strain),
[13](3DDM), 14(TCI)
Ca3SnO + [34–36] [11](3DTI), [13](3DDM), [14](TCI)
Sr3PbO + [34–36]
[11](3DTI), [12](3DTI+strain),
[13](3DDM), [14](TCI)
Sr3SnO + [34–36] [11](3DTI), [14](TCI)
We now focus on lanthanide antiperovskite oxides. The
results of the electronic structure calculations for this
group of materials are summarized in Table III, where
we also include the information on the value of the cal-
culated magnetic moment (for lanthanide atoms in the
unit cell). The available experimental and theoretical
literature is considerably more scarce compared to the
Ca3PbO family. Structural data is available for Eu3BO
and Yb3BO (B=Sn, Pb), while for Sm3BO and Gd3BO
(B=Sn, Pb), we use the lattice constant obtained from
DFT (see Table I).
TABLE III. Possible Dirac materials (DMs) in lanthanide an-
tiperovskite oxides: A3BO, A=Sm, Eu, Gd, Yb, B=Sn, Pb;
space group Pm¯3m.
System DM
Magnetic
moment (µB)
Synthesis Theory
Sm3PbO - 5.8 -
Sm3SnO - 5.7 - -
Eu3PbO + 6.9 [34] -
Eu3SnO + 6.9 [34] -
Gd3PbO - 7.1 - -
Ga3SnO - 7.2 - -
Yb3PbO + 0 [35] [11](3DTI)
Yb3SnO + 0 [35] [11](3DTI)
Based on bulk electronic structure, we conclude that
Eu3BO and Yb3BO (B=Sn, Pb) are 3D DMs with a finite
4R           Γ X           M           Γ-1
-0,5
0
0,5
1
En
er
gy
 (e
V)
Yb3PbO
EF
R           Γ X           M           Γ-1
-0,5
0
0,5
1
En
er
gy
 (e
V)
Eu3SnO
EF
R           Γ X           M           Γ-1
-0,5
0
0,5
1
En
er
gy
 (e
V)
Yb3SnO
EF
R           Γ X           M           Γ-1
-0,5
0
0,5
1
En
er
gy
 (e
V)
Eu3PbO
EF
(a)
(c) (d)
(b)
FIG. 2. Calculated bandstructures of cubic lanthanide antiperovskites (a) Eu3SnO, (b) Eu3PbO, (c) Yb3SnO, and (d) Yb3PbO.
SOC is included in the calculations. The horizontal dashed line marks the position of the Fermi level. Circles highlight possible
massive Dirac/Weyl fermion features along the Γ-X direction.
Dirac gap. The calculated bandstructures of these mate-
rials are presented in Fig. 2. Here we refer to 3D DM as
materials having nodes (in general, gapped) in their 3D
Brillouin zone, regardless of the nature of the nodes and
their degeneracy. However, there is an important dis-
tinction between non magnetic (Yb3BO) and magnetic
(Eu3BO) systems. Since magnetic ground state breaks
time-reversal symmetry, we expect the degeneracy of the
Dirac nodes to be lifted in magnetic lanthanide antiper-
ovskites, giving rise to gapped Weyl nodes. Below we
will discuss in more detail the bandstructures for these
two cases.
Yb3SnO and Yb3PbO do not show any sizable mag-
netic moment, which is expected since Yb has a fully
filled f -shell. These materials are characterized by a sin-
gle node located along the Γ-X symmetry direction (X is
the center of the face in the perovskite structure). Due to
cubic symmetry, there are in total six nodes along the six
equivalent Γ-X paths parallel to ±a, ±b and ±c, where
a, b, c are reciprocal lattice vectors. The degeneracy of
the bands forming the nodes is g = 2. Hence we identify
the nodes in Yb3BO as Dirac nodes. The energy gap at
the node is ∆ ≈ 24 meV for Yb3SnO and ∆ ≈ 40 meV
for Yb3PbO. The case of Yb3PbO is particularly inter-
esting as it has an isolated Dirac node at the Fermi level.
In Yb3SnO, the node is located slightly below the Fermi
level.
In our spin-polarized DFT calculations for magnetic
lanthanide perovskites, we considered a ferromagnetic
ground state, e.g. we assumed that magnetic moments
of the lanthanide atoms, e.g. Eu in Eu3BO (B=Sn, Pb),
are parallel to each other. The calculated magnetic mo-
ments are equal for all magnetic atoms in the unit cell
and are close to the magnetic moments of the cations,
e.g. ≈ 7 µB for Eu
2+. This is the simplest and the most
feasible choice for our computational approach and it is
partly justified by experimental measurments [37]. Such
calculations could also represent a paramagnetic phase
in external magnetic field, where all spins align parallel
to each other.
It should be mentioned that manetic coupling in real-
istic materials is likely to be more complicated. In the
cubic antiperovskite structure, the lanthanide cations are
located at the face-centrered positions, forming the cental
5octahedron [see Fig. 1(a)]. Hence, the lattice is formed
by triangular net of the magnetic moments. Such struc-
ture is prone to magnetic frustation and can lead to a
complicated magnetic state with many possible phases.
This has been documented in other materials with simi-
lar structure, for example in Mn-based antiperovskite ni-
trides, Mn3XN (X= Ga, Zn, Cu, Ge, Sn), which display
multiple magnetic interactions below the temperature of
the paramegnetic transition. [38]
An experimental study of magnetism and transport in
Eu-based antiperovskites has been reported in Ref. [37].
Interestingly, the magnetization measurements in Eu3BO
(B=Sn, Pb) did not confirm the anticipated magnetic
frustration (the frustration factor extracted from the
temperature dependence of the magnetization was found
to be close to unity, meaning no frustration). At the same
time, the materials become antiferromagnetic at low tem-
peratures, with the Neel temperature of 33 K in Eu3SnO
and 43 K for Eu3PbO. To reconcile antiferromagnetism
with the apparent absence of frustration, a model of mag-
netic periodic sublattices was suggested. In this model,
the crystal consists of parallel sublattices (planes), inside
which the magnetic moments of lanthanide ions interact
ferromagnetically, while between the planes the moments
interact antiferromagnetically. Magnetic sublattices ap-
pear as steps in the field-dependent magnetization curves
which has been confirmed in the experiment. The re-
sulting phase diagram for Eu3BO (B=Sn, Pb) reveals
several magnetic ordered states with temperature- and
field-dependent phase transitions between the states.
Based on the assumption of a ferromagntic ground
state, we find that Eu3SnO and Eu3PbO have a total
magnetic moment of ≈ 21 µB and a magnetic moment
on Eu site of ≈ 6.9 µB. The direction of the magnetic
moment is along [001]. Based on a simple model of a
4 × 4 Dirac Hamiltonian in external magnetic field, the
Dirac node is split into two Weyl nodes, separated in mo-
mentum space by a vector proportional to the magnetic
field vector [39] Assuming that the magnetization acts as
an effective magnetic field, we expect the shifted Weyl
nodes to appear along the Γ-X direction parallel to +c,
which we refer to as Γ-Xc. The path used for bandstruc-
ture calculations presented in Fig. 2 includes Γ-Xc [see
Fig. 1(b)].
One can see in Fig. 2(a,b) that Eu3BO indeed displays
nodes along the Γ − Xc directions. There is a gapped
node, which is similar in shape and location to Yb3BO,
located at the Fermi level in Eu3PbO and at ≈ 100 meV
below the Fermi level in Eu3SnO [marked with magenta
circle in Fig. 2(a,b)]. The energy gap at the node is
∆ ≈ 25 meV. Apart from this node, there are many other
avoided band crossings near the Fermi level. One possible
node at ≈ 300 meV above the Fermi level is marked with
blue circles in Fig. 2(a,b). We find a smaller energy gap
at this node, ∆ ≈ 1 meV for Eu3SnO and ∆ ≈ 10 meV
for Eu3PbO. To further clarify the position of the nodes,
we plot in Fig. 3 the bandstructures of Eu3BO along two
non-equivalent paths, Γ-Xc and Γ-Xa (parallel to +a).
The node at positive energy (blue circles) is clearly absent
in the bandstructure plotted along Γ-Xa. We verified
that the band degeneracy around the gapped nodes is
g = 1. The number of nodes and the degeneracy indicate
that the nodes in Eu3BO could be identified as Weyl
nodes.
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FIG. 3. Calculated bandstructures of magnetic lanthanide
antiperovskites (a,b) Eu3SnO and (c,d) Eu3PbO along two
non-equivalent paths Γ-Xc (left) and Γ-Xa (right). Possible
Weyl nodes shifted along the Γ-Xc direction are marked by
circles in panels (a) and (c).
In order to precisely identify the Weyl nodes, further
bulk and surface calculations are required. This is out-
side the scope of the present work since our goal is to
identify potential 3D DM candidates. It is worth point-
ing out that the expectations based on the 4 × 4 Dirac
Hamiltonian do not necessarily hold in realistic materials.
Villanova and Park [40] showed, using an ab-initio-based
tight-binding model, that in Ni3Bi Dirac semimetal the
Dirac node is split into four Weyl nodes when magnetic
field is applied. Moreover, a finite magnetization in in-
trinsically magnetic materials is not equivalent to exter-
nal magnetic field.
Next, we comment on the possible origin of bulk Dirac
states in lanthanide antiperovskite oxides. For this we
compare the character of the low energy states for the
typical alkali antiperovskite oxide Ca3PbO and Yb3PbO
(see Fig. 4). It was noted in Refs. [13, 19] that the low
energy Dirac states in Ca3PbO are formed mainly by
Ca 3d and Pb 6p orbitals. Among Ca 3d, the 3dx2−y2
orbitals give the major contribution to the Dirac states.
We have verified this picture [see the electronic structure
of Ca3PbO with band character in Fig. 4(a,b)].
Based on the insight from DFT electronic structure,
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FIG. 4. Band character of cubic alkali antiperovskite (a,b) Ca3PbO and lanthanide antiperovskite (c,d) Yb3PbO. Filled circles
show relative contributions of Ca and Yb d-states (a,c) and Pb p states (b,d). Only dx2−y2 states are shown for Ca and Yb.
We have verified that the contribution of other d orbitals with different symmetry is negligible at low energies. In panels (c)
and (d), the highly localized Yb 4f states are located below -2eV. The horizontal dashed line marks the position of the Fermi
level. Irreducible representations are shown for valence and conduction bands along the Γ-X direction.
Kariyado and Ogata [13, 19] constructed a tight-binding
Hamiltonian with a basis formed by Ca dx2−y2 and Pb
p states, which the authors proved to be a Dirac Hamil-
tonian yielding 3D gapless Dirac states along the Γ-X
line. It was suggested that a small gap at the Dirac node
(few tens of meV’s) is due to SOC and the coupling to
other states away from the Fermi level i.e. Pb 5d and
other Ca 3d states [19]. We have verified in our calcu-
lations that in the absence of SOC, the Dirac states are
gapless. Further analysis of the DFT bands for Ca3PbO
with SOC reveals that the two bands forming the node
along the Γ-X direction belong to the same irreducible
representation, Γ7 of the C4v double point group [see
Fig. 4(a,b)], which further justifies the avoided cross-
ing between these bands (irreducible representation have
been computed with Wien2k [28] and independently ver-
ified with QUANTUM ESPRESSO [41, 42]).
SOC is also responsible for the band inversion at
the center of the Brillouin zone which was found in
Ca3PbO [13, 14, 19]. Since Ca d and Pb p states, which
give rise to low-energy electronic states, have different
parities, there exist two possible band orderings at the Γ
point. In the normal ordering, the d orbitals of Ca (A
position in A3BO) lie above the Pb p orbitals (B position
in A3BO). However, in the presence of SOC the order is
reversed, namely the top of the p bands lies above the
bottom of the d bands. This band inversion signals a
possible topological phase which was detected by Klin-
tenberg et al. [11]. However, it leaves the materials a
trivial insulator in the Z2 classification of TIs because the
product of parity eigenvalues remains unchanged due to
the four-fold degeneracy of valence and conduction band
extrema at Γ [12, 19].
Nevertheless, the inverted band ordering is an impor-
tant ingredient in the low-energy effective Hamiltonian
of Ref. [19] which produces 3D Dirac states away from
Γ. It was subsequently demonstrated by Hsieh et al. [14]
that this band inversion leads to a TCI phase described
by a nonzero mirror Chern number. It was also shown
that the bulk Dirac node is a direct consequence of the
band inversion at Γ i.e. the band crossing on the Γ-X is
absent in the trivial phase characterized by normal band
ordering [14]. This is different from the band inversion
at the R point in Cu3PdN, which involves p and d states
7of the metallic anion (Pd 5p states are lower than Pd 4d
states). When SOC is included, Cu3PdN exhibits Dirac
nodes along R-X and R-M directions, where the node
along R-M remains gapless [24]. Similarly, the band in-
version at X in Cu3ZnN leads to nodes along R-X and
R-M [25].
We find that the character of low energy states in
Yb3PbO is similar to Ca3PbO [see Fig. 4(c,d)]. In this
case, the Dirac states are formed mainly by Yb 4dx2−y2
and Pb 6p orbitals. The valence and conduction bands
along Γ-X belong to the same irreducible representation,
Γ7 of the C4v group. These are strong indications that
the origin of the Dirac states in this material is similar
to Ca3PbO. Hence, we conclude that Yb3PbO is charac-
terized by massive 3D Dirac fermions at finite k and is
also a potential TCI. Further theoretical and experimen-
tal work will be useful to describe bulk Dirac states and
possible topological surface states due to the TCI phase
in this material and other lanthanide antiperovskites with
similar properties.
Since the above discussion concerned non-magnetic an-
tiperovskites, we also checked the character of the bands
for magnetic Eu3BO (see Fig. 5). The features in the
bandstructures that we identified as potential Weyl nodes
do not have exactly the same band character as the Dirac
node in Yb3PbO. However, they do have contributions
from Eu d and Sn/Pb p states.
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FIG. 5. Band character of magnetic antiperovskite (a,b)
Eu3SnO and (c,d) Eu3PbO. Filled circles show relative con-
tributions Eu d-states (a,c) and Sn/Pb p states (b,d). Bands
are plotted along the Γ-Xc path.
Finally, we also considered hypothetical structures
A3BO, A=Gd, Sm and B=Sn, Pb, for which no exper-
imental structural data is available to date. For these
compounds, we have obtained DFT optimized crystal
structures (see Table I), however their dynamic structural
stability needs to be investigated further. Although our
calculations showed interesting features, including band
crossings near the Fermi level, we were not able to clearly
identify 3D Dirac states in these compounds.
IV. CONCLUSION
In conclusion, we performed an ab initio search for
Dirac materials among some antiperovskite oxides. Our
data set includes both the Ca3PbO family as a test subset
and the less studied lanthanide antiperovskites contain-
ing f -electron elements, some of which have not been syn-
thesized to date. For the Ca3PbO family (A3BO, A=Ca,
Ba, Sr, B=Sn, Pb), our electronic structure calculations
show gapped 3D Dirac states, which is consistent with
previous theoretical work. Among the f -electron antiper-
ovskites, we identify Eu3BO and Yb3BO (B=Sn, Pb) as
3D DMs, which display massive Dirac nodes along the
Γ-X in the 3D Brillouin zone.
In Yb3BO (B=Sn, Pb) the nodes are energetically close
to the Fermi level and the energy gap at the nodes is few
tens of meV’s. Yb3PbO is particularly promising as it
has an isolated Dirac node at the Fermi level. Eu3BO
(B=Sn, Pb) possess a finite magnetic moment due to
unfilled f -electron shell. We find that in these magnetic
lanthanide antiperovskites the degeneracy of the Dirac
nodes can be lifted, leading to appearance of Weyl nodes
in the 3D Brillouin zone. As demonstrated previously
for Ca3PbO family, the existence of bulk Dirac states
at finite k is a direct consequence of the band inversion
at the center of the 3D Brillouin zone, which gives rise
to a TCI phase. Hence, the 3D DMs found among the
f -electron antiperovskites may be potential TCIs.
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